Studies with vesicular exanthema of swine virus type A48 and San Miguel sea lion virus type 2 indicated that phocid (harp) seals could be infected with these caliciviruses, but the resultant disease was inapparent or mild and self-limiting. As in swine, lesions were limited to sparsely haired or nonhaired regions of the skin and tongue. Unlike swine, however, antivirus titers in seals were low and transient.
Vesicular exanthema of swine, a uniquely American disease, was declared exotic to domestic livestock in 1959. In 1972 and subsequently, however, viruses were isolated from sea lions and seals in California and Alaska . These agents were named San Miguel sea lion virus and proved nearly identical to vesicular exanthema of swine virus both by physicochemical characterization and by animal inoculation [9] . These new virus isolates have sparked interest both in the eradicated disease (vesicular exanthema of swine) and in disease transfer between swine and marine animals.
The taxonomy of marine mammals reflects phylogenetic dissimilarity. All seals, sea lions, and walruses belong to the order Pinnipedia or "flipper-foot.'' Within this order are three families, Otariidae (eared seals), Phocidae (earless seals), and Odobenidae, which contains a single genus, the walrus (Odobenus rosrnarus). Exposure to caliciviruses has been proven in phocid seals. On several occasions, serotypes of San Miguel sea lion virus have been isolated from oral, nasal, and rectal swabs from northern elephant seal pups (Miroungu ungustirostris) [ 1 1, 121 . Neutralizing antibodies to San Miguel sea lion virus also have been found in this species [ 11. The virus isolates were not associated with lesions, but pathogenetic studies with this family of pinnipeds were conducted to understand more fully the ramifications of these disease agents.
This study was designed to elucidate the pathogenesis of the related agents vesicular exanthema of swine virus type A48 and San Miguel sea lion virus type 2 in phocid seals. Elephant seals were not available for experimental study. Therefore, Atlantic ocean phocids (harp seals-Phoca groenlundicu) were substituted.
Materials and Methods
The Canadian Bureau of Fisheries and Environment made available 20 weanling harp seals approximately three weeks old and 30 to 45 kg in weight in March of 1979. These seals were captured on the ice in the Gulf of St. Lawrence in the vicinity of the Magdalen Islands, Quebec, Canada, and transported to the PlumIsland Animal Disease Center of the U.S. Department of Agriculture, where these experiments were conducted.
The seals were housed indoors in special isolation facilities constructed at Plum Island. These facilities included a nonheated room with an ambient temperature of 16°C. A pool of appropriate size containing natural sea water was provided. The water in this pool was circulated continuously through a sand filter. Chlorine was the only chemical additive. The water was changed once or twice weekly, depending on bacteria counts and temperature. The seals had free access to the pool via a ramp from the dry resting area. An overhead timed fresh water spray periodically showered the dry resting area, keeping odors minimal and the seals clean. All 20 harp seals were housed in the same facility. The virus experiments were run sequentially with a three-week rest between inoculations.
The harp seals were hand-fed Atlantic Ocean smelt ad libitum three times daily. Thiamine at the rate of 25 mg/kg fish 14, 51 was added to the diet twice weekly, and standard all-purpose vitamins were given twice weekly [5] . This effectively countered any adverse effect of feeding a single food fish species or the effect of thiaminase sometimes found in fish.
Eighteen harp seals were inoculated with 2.5 ml of tissue culture source virus containing 5.37 X lo8 plaque-forming units/ml of vesicular exanthema of swine virus A48. The control seal was inoculated with tissue culture fluid only. The routes of inoculation were as follows: intradermally into the right nostril on the cutaneous side of the mucocutaneous junction; intradermally into the dorsal lingual midline 2 cm from the apex; intradermally into the sparsely haired interdigital webbing of the right hind flipper; intranasal (right nostril) and oropharyngeal instillation of a small aliquot of virus. The experimental design is outlined in table I.
Because of the limited numbers of harp seals available for study and the presence of only a single isolation facility, virus infectivity studies were conducted sequentially in this species. After a three-week rest, seven survivors of the vesicular exanthema of swine virus experiment were inoculated identically with 1.34 x 10' plaque-forming units/ml of San Miguel sea lion virus type 2.
The seals were killed by barbiturate overdose. Tissue and body fluid samples were collected at the time of death and analyzed by fluorescent antibody techniques for the presence of virus antigen in tissue and by plaque assay [2, 6, 131 for the presence of virus in nasal secretions, oral secretions, feces, and blood. Additionally, serum samples were assayed for the presence of neutralizing antibodies to homologous and heterologous virus by microtiter serum neutralization [7] .
As many seals as possible were observed daily for skin lesions, but lingual lesions were observed only at the time of death.
Results

Vesicular exanthema of swine virus
Between 24 and 48 hours after inoculation, small fluctuant swellings were visible at sites of inoculation on the nose and interdigital webbing. These regressed without rupture. On day 5, two small vesicles 1 mm in diameter were seen 2.5 cm from the right ventrolateral lingual apex. On day 7, an erosive tract was seen on the dorsal lingual midline.
San Miguel sea lion virus
Swelling at the sites of nasal inoculation was evident at 24 hours after inoculation and persisted for five days. Additionally, small swellings 1 mm in diameter appeared on the interdigital webbing of the hind flippers on days 5 and 7. None of the lesions progressed to rupture, nor did they contain appreciable amounts of fluid.
Although inoculated seals tended to remain out of the pool for longer periods of time than uninoculated seals, appetites were normal and no physical debility was seen.
Virus isolation results
None of the blood or fecal samples assayed from either experimental group yielded virus.
None of the nasal or oral swab samples assayed from harp seals infected with vesicular exanthema of swine virus contained virus. A single plaque was produced from an oral swab on day 1, and two plaques were produced from the nasal swab on day 7, from two different seals infected with San Miguel sea lion virus. All data points represent individual seals sampled at the time of their death. All data points represent individual seals sampled at the time of their death.
Serology
Single preinoculation samples from each seal were negative, as were all subsequent samples reacted with heterologous virus. Serum neutralization data are presented in tables I1 and 111.
The serum of seals infected with vesicular exanthema of swine contained neutralizing antibodies when tested at five days after inoculation. Neutralizing titers were found at various levels in seals sampled individually for 39 days. By 50 days, no neutralizing activity was found.
Neutralizing activity first was found in the serum of seals infected with San Miguel sea lion virus on day 3 and was found in the animals tested through day 7. When next tested at 43 and 44 days, neutralizing antibody levels in individual seals had decreased to less than 1 log.
Fluorescent antibody results and histology
Intense cell fluorescence identical to that previously described in swine infected with calicivirus [3] was seen on day 5 in the single grossly visible intact lingual lesion from a seal infected with vesicular exanthema of swine virus. Individual cells and groups of adjacent cells in the superficial regions of the lingual epithelium were affected, and formed small microvesicles ( fig. 1 ). Histologic examination of lingual epithelium from other seals showed small microvesicles in areas with no grossly visible lesions in both the tongue and skin.
Specific cell fluorescence was not found in any of the tissues examined from seals infected with San Miguel sea lion virus. Mild skin changes like those described for harp seals infected with vesicular exanthema of swine virus were present, however.
Mild focal thalamic perivasculitis occurred on day 1 in one seal infected with San Miguel sea lion virus, and a mild focal myocarditis was seen on day 5 in one seal infected with vesicular exanthema of swine virus. Fluorescent antibody results from these tissues were negative.
Discussion
Gross lesions occurred on the tongues of two harp seals infected with vesicular exanthema of swine virus A48. Inasmuch as lesions previously have not been associated with calicivirus isolated from this family of seals, the findings are important. They indicate that at least one species of the family Phocidae is susceptible to infection with these exotic agents.
The small size of suspected gross skin lesions in harp seals, combined with the rapid lysis of infected cells like that seen in infected swine, may have helped limit detection of viral antigen to a single seal. This lesion showed marked cell fluorescence, however, and indicated that lesions in seals probably formed identically to those in swine 131. This particular lesion did not occur at a site of inoculation. It is, thus considered a secondary vesicle. Since viremia was not found in any of the experimental harp seals, one cannot determine whether spread of virus occurred hematogenously or by direct contact with virus liberated from subclinical primary lesions.
Virus was not isolated from oral or nasal swabs from seals infected with vesicular exanthema of swine virus. The presence of virus in a lingual lesion indicates that virus must be liberated in oral fluid at least occasionally. Additionally, virus was isolated from an oral swab and a nasal swab from two different seals infected with San Miguel sea lion virus. Oronasal shedding of virus thus does occur in some experimental calicivirus infections in this species. These data correlate with virus isolations from elephant seals in the field [2] .
Specific neutralizing antibodies to homologous virus were produced in both infections, but this immunity was low in individually tested seals in less than two months. This evidence indirectly suggests that a carrier state does not occur, or that the virus is present in sites protected from the immune system.
One may speculate on the possibility that serial passage of virus from lesions in harp seals may increase virulence. The absence of visible lesions in naturally occurring virus infections in other phocid seals (elephant seals), and the small size of the lesions produced by experimental inoculation with high titers of virus, speak against such an occurrence. It is likely that natural infection occurs by some route other than wound contamination, that the virus is an opportunistic invader of debilitated or young seals, or that infection is manifested in some way other than vesicle formation. In any event, the infrequent contact of harp seals with domestic livestock, combined with the decreased virulence of these viruses in harp seals as compared with swine, indicate that they are probably of minor importance in interspecies disease spread. Quarantine, physical examination, serologic testing, and attempts to isolate virus from oronasal swabs of wild phocid seals before they are released to multispecies display or scientific enclosures should be recommended.
Finally, it must be considered that these experiments were conducted with only two vesicular exanthema of swine virus/San Miguel sea lion virus serotypes, of the more than 20 that currently exist. Infection with another serotype may result in increased virulence.
